Abstract-This paper presents the design of the Archimedean Spiral Antennas (ASA) backed by a metal plate. The dimension of the spiral arm was designed to operate between 3.1 -10.6 GHz and different permittivity of the dielectric substrate was employed between the spiral arm and the backing plate with specified electrical thickness of λ g /4 at the lowest frequency range. The CST simulated results shows that when the dielectric permittivity, ε r increases, the performance of the ASA in terms of return loss, axial ratio, efficiency, pattern and gain deteriorates.
INTRODUCTION
The Archimedean spiral antenna (ASA) which is categorized under frequency independent type antenna has received huge interest [1] due to the wideband operating range, unidirectional radiation pattern, high gain, high efficiency and circular polarization characteristics [2] . These characteristics make the ASA as a good candidate to be applied in useful applications in satellite communications, radar and remote sensing applications. In most cases a unidirectional pattern is preferable to minimize interference from transmitter structure such as satellite and radar transmitter. Due to this, a unidirectional beam is usually obtained by employing a lossy cavity [3] , metal plate and other meta-material based devices. For most cases, the backing technique is chosen so that the device is low profile and able to function over wideband operating ranges [3] . Absorptive cavity-backed spiral radiators provide an effective solution for multiple SATCOM and SatNav services requiring consistent gain, uniformly matched input impedances and ≤3dB axial ratios across extremely wideband frequencies [4] .
Most efforts, however, are relatively bandwidth limited and have not been able to address the needs of applications where bandwidths ≥ 10:1 are required with good circular polarization performance. This paper presents the simplest backing technique where a metal plate is employed to obtain a unidirectional ASA. This is performed by placing the metal plate 4 / g λ separation from the spiral arm. By employing different dielectric permittivity between the spiral arm and the ground plane, a lower profile (physically thinner) structure can be realised. Due to the deployment of different dielectric permittivity, the effect to important antenna parameters such as S 11 , axial ratio and gain of the antenna will be investigated further in details. The simulated results were obtained by commercially available Computer Simulation Technology (CST) software. A relatively narrowband operation is expected from a metal plate backing technique but the outcome from this study is very important so that any further improvements on the design of ASA can be performed later. Fig. 1 shows the configuration the ASA model employed in this study. For a UWB application operating over 3.1 -10.6 GHz, the inner radius and the outer radius of the ASA is optimized using equation (1) and (2) .
II. CONFIGURATION OF ARCHIMEDEAN SPIRAL ANTENNA
Where L λ is the wavelength of the lowest design frequency. Frequency independent behavior is only achieved when w = s, s is the spacing width of the arm while w is the width of the arm. The inner radius is 1 r , so the width can be calculated w =s which is found in [5] :
Using equation (1) and (2), 2 r = 23 mm and w = s = 1.4 mm but they are further optimized to 1.3mm and the inner radius is optimized to 1 r = 0.65mm. This ensures the active region for the highest and lowest frequencies of the desired bandwidth is located within the spiral arm as defined by [6] . The configuration also includes the number of turns, N = 12 and the spiral arm is printed on 0.035 mm thick copper. In CST model, the spiral arm is fed at the centre of the structure by using discrete port. The spiral arm is backed by a metal plate at 4 / g λ (to the lowest operating range) separation of the dielectric substrate so that the in-phase condition is obtained [7] . The configuration of the variations of the dielectric substrate and the physical thickness is given as in Table I . The given dielectric substrates represent air cavity ( r ε = 1.0), Rogers Duroid ( r ε = 2.33), and FR4 substrate ( r ε = 4.3) respectively. However the loss tangents of all materials are simplified as zero so that the differences in the results are mainly contributed by the dielectric permittivity itself. Having variation configuration of dielectric permittivity versus physical thickness as shown in Table 1 , the effects were investigated further from various parameters of the ASA characteristics; the return loss; S 11 , axial ratio; AR, gain, radiation pattern and the antenna efficiency. Fig. 2 shows the return loss losses of the designed antennas simulated on different substrates. When r ε increases, the S 11 deteriorates significantly and strong mismatch can be observed in the return loss results. However, the S 11 of lower dielectric permittivity of the antenna is still maintained at below −10 dB contributing to 109.5% at −10 dB bandwidth. This value is similar to 10:1 bandwidth of the antenna required for circular polarization [4] . Note that for r ε = 1.0, the operating frequency range of the antenna is even wider between 3.1GHz and 10.6GHz. This explains most of the ASA designs presented previously [8] , used air cavity as part of their backing techniques.
For circular polarized antenna, an axial ratio of less than 3 dB is an important consideration in order to provide RHC polarization since the antenna is fed at the centre [9] . Fig. 3 shows that an acceptable AR can only be achieved for low dielectric permittivity ( r ε = 1.0). On the other hand, as the permittivity increases; the axial ratio deteriorates. For example for the substrate of r ε = 4.3; the axial ratio is higher than 3dB for most of the entire band where the AR is about 8.42 dB and 12 dB at 5.1 GHz and 10.6 GHz respectively.
Figure. , the gain of the front and the back side lobe reduces to 7.3 dB and increases to -9.6 dB respectively. The best radiation pattern in terms of highest main lobe magnitude at boresight of the antenna and lowest side lobes are achieved when the spiral antenna is designed using lower substrate permittivity. This is because a higher dielectric permittivity slows the traveling wave [12] in the cavity and cause less radiation efficiency. As expected at 3.1 GHz, the pattern is for all dielectric permittivity configurations. The trend slowly changes when the electrical thickness of the dielectric cavity increases to about 2 / g λ as shown in Fig. 5(b) . At 6.85GHz, the radiation pattern of the ASA distorts and the functionality of the ground plane to provide unidirectional pattern ASA is no longer valid. It is also observed that when the frequency increases, the back side lobes of the ASA increases where for the gain of the back side lobe increases -4.7 dB, -5.9 dB and -3.5 dB respectively. This is due to that at higher frequencies the radiation takes place at the perimeter of the antenna [13] . 
IV. CONCLUSION
In this paper the investigation on three configurations of ASA backed by different dielectric substrates and metal plate were presented. By employing a higher dielectric substrate, a lower profile structure can be realized. However, overall it degrades the performance of the ASA as shown in Table II . Since a wideband operating range is required in UWB applications, the BW of the ASA required criteria is differentiated by (i) when the S 11 is less than -10 dB; (ii) when the AR is less than 3 dB and (iii) the frequency range when a unidirectional pattern is observed. Based on these outcomes, a lower dielectric permittivity cavity will be employed in the later stage which might be focusing on the improvement of ASA backing technique. The improvement in terms of the unidirectional radiation pattern is possible by employing frequency selective surfaces. In summary, ASA is a good candidate for UWB application due to its frequency independent characteristics. However a careful arrangement is required especially in determining the dielectric permittivity because it can significantly alter its characteristics.
